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) Atmospheric Models:
The Next Generation

Resolutions of a few kilometers---Cloud Permitting---
not quite cloud-resolving---that will require:

« Parameterizations of moist processes that account for
the effects of resolved meso-scale organization of
convective systems.

* A non-hydrostatic dynamical core capable of running
efficiently on the sphere at high resolution

« Quasi-uniform spherical grids (the Cubed-Sphere)

« Massively-parallel (104-10° processors), peta-flop
computers

William M Putman - NASA/GSFC SIVO HiRes Climate: Aug. 10, 2009
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Weak Scaling

* Computing power is increasing primarily through
(not processor speed)

; adding processors at a fixed problem size does not
scale (Amdahl’s Law)

* If we , models do fairly well. (doubling
the horizontal resolution, it will take the same time to do a time step on four
times as many processors)

requires twice as many time steps.

* So the same . But better than 8 times as long on
the same number of processors.
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g ‘ Efforts wnth NASA GEQOS-5
Model ?l !

* We now have access to a few large computing systems: | !" '
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at NASA NAS (50000 cores)

%%(GE at ORNL (750000 cores).
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* We were selected as part of team of ~20 groups experimenting with
running very large (many cores) jobs on until it was opened to
more general use in July 2009.

* We used this time to make forecasts and simulations with the
atmospheric model at unprecedented resolutions, pushing both problem
size and processor counts.

* Today you will see the first results from GEOS on these systems

William M Putman - NASA/GSFC SIVO HiRes Climate: Aug. 10, 2009
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Cubed Sphere Implementation Path
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Scaling Climate/Weather
Applications

MEMORY

Parallel I/O

William M Putman - NASA/GSFC SIVO HiRes Climate: Aug. 10, 2009
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IntelMP| & FMS

Memory Scaling

MPI Memory Usage
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GEOS/FV?3 Scaling

c720 GEOS Fortuna-1_5
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Scaling
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GEOS/FV Weak Scaling

FV3 Weak Scaling FV3 Weak Scaling Efficiency
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GEOS I/O Scaling
Serial Read at 200 MB/s took 30 minutes
A 48x Improvement !

c2880 Moist Restart Reading (100 GB File : 38400 cores : 480 Readers)
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N NH Summer
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Kinetic Energy Spectra

Kinetic Energy Spectra (250 hPa)
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Cloud Streets Animation

7-km 10-day forecast 27-km
2009-01-02:09:00z - -
S -,

» .
e A "y.",

T DT
N A T T




embedded
Gravity == | 5 -
Waves B

3 5-km T
1-day simulation ; «

-

P TG

L 2

! 2. L MEWL
GOES-11 IMAGER - VISIBLE (cH O1) -



Orographic Influences on Precipitation "
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Saharan Air Layer.
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The Development of Hurricane Helene
8-day Forecast GCPC
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Karman Vortex Streets
MQDIS - January 1, 2009
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von Karman Vortex Streets

24-hr Forecast
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